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Description 

[0001] The present invention relates to a method for 
providing a polymeric surface with carboxyl groups, to 
a surface which is provided in this manner with carboxyl 
groups, and to a product provided with such a surface 
which is suitable for exposure to blood. 
[0002] Using conventional chemical processes it of- 
ten not possible to selectively link ionogenic groups to 
a hydrophobe plastic substrate surface. 
[0003] Terlingen J.G.A. et al, (Journal of Colloid and 
Interface Science, 155, 55-65 (1 993)), describe a meth- 
od for immobilizing sulphate groups on polypropylene. 
[0004] A similar method for immobilizing carboxyl 
groups on the plastic surface appears however not to 
work (Terlingen J.G.A. et al, Journal of Applied Polymer 
Science, 50, 1529-1539(1993)). 
[0005] The present invention is based on the insight 
that when a plasma treatment is performed on a poly- 
meric surface on which compounds with carboxyl 
groups are adsorbed, these carboxyl groups are not suf- 
ficiently resistant to the etching effect of the plasma 
treatment. It has been found from further research, how- 
ever, that by making use not of compounds with carboxyl 
groups but of compounds with functional groups which 
can be converted after the plasma treatment into car- 
boxyl groups which have a better resistance to the etch- 
ing effect of the plasma treatment, the surface in ques- 
tion can thus be provided with carboxyl groups via plas- 
ma treatment. After immobilization with the plasma 
treatment the functional groups can be converted into a 
carboxyl group without the covalent bond between the 
compound and the surface disappearing. 
[0006] The present invention therefore relates to a 
method for providing a polymeric surface with carboxyl 
groups, comprising the steps of successively: 

(i) applying to the surface a compound with at least 
one functional group which can be converted into a 
carboxyl group; 

(ii) treating the surface with a plasma to immobilize 
the compound; and 

(iii) converting the functional group into a carboxyl 
group. 

[0007] Any type of functional group can in principle be 
applied, assuming that the functional group has a better 
resistance to the etching action of the plasma treatment, 
the compound is immobilized by the plasma treatment 
by means of a covalent bonding to the polymeric sur- 
face, and the functional group can be substantially fully 
converted into a carboxyl group. Functional groups 
meeting these requirements comprise a carboxylate 
group, an aldehyde group and an alcohol group. 
[0008] The compounds with such a functional group 
can be applied to the polymeric surface in accordance 
with any known method, for instance a mechanical 
method comprising spinning a liquid onto the plastic sur- 



face or applying a film to the plastic surface, in both cas- 
es followed by evaporation of the solvent. Another meth- 
od for applying the compound provided with a functional 
group to the plastic surface comprises adsorbing the 
5 compound from a liquid phase. 

[0009] In the case the surface is a hydrophobe sur- 
face, it is further recommended that the compound con- 
taining the functional group is a surfactant. An advanta- 
geous embodiment of the surfactant is a fatty acid salt 
10 such as alkali and earth alkali metal salts of fatty acids, 
the corresponding alcohols and aldehydes. An example 
is the sodium salt of undecilene acid. 
[0010] For particular applications of the surface (for 
instance exposure to blood), it can be advantageous 
15 that the surface is not only provided with carboxyl 
groups but also with S0 3 " groups. Under these condi- 
tions it is further recommended that a compound con- 
taining at least one S0 3 _ group is applied to the surface. 
According to an advantageous embodiment the com- 
20 pounds with the functional groups and the compounds 
with the S0 3 " groups can be adsorbed simultaneously. 
[0011] As compounds containing S0 3 _ groups can be 
used organic sulphate (-C-0-S0 3 _ ) groups, sulphamate 
(-CNH-S0 3 _ ) groups and sulphonate (-C-S0 3 _ ) groups. 
25 Suitable organic compounds with sulphate and/or sul- 
phonate groups are generally known. Compounds with 
sulphamate groups can be prepared according to the 
Warner method (Warner D.T et al, J. Org. Chem. 23, 
1133-1135 (1958)). 
30 [001 2] These compounds contain ing S0 3 _ groups are 
preferably in the form of a surfactant, such as an analog 
of the corresponding fatty acid. 

[0013] In order to avoid compounds being adsorbed 
on the surface but not immobilized by means of the plas- 
35 ma treatment, it is further recommended that the plastic 
surface is subjected after the plasma treatment to a 
washing treatment. Adsorbed but not immobilized com- 
pounds are thus removed from the surface. 
[001 4] Another aspect of the present invention relates 
40 to a polymeric surface provided with carboxyl groups, 
and further with sulphate groups. 
[0015] Further, the present invention relates to a prod- 
uct provided with such a polymeric surface which is suit- 
able for exposure to blood. It has in any case been found 
45 that a surface provided with both sulphate functional and 
carboxyl functional groups can result in an improvement 
of the compatibility of such products with blood. 
[0016] Finally, the invention relates to a method for 
covalently binding a molecule comprising a carboxyl re- 
50 active functional group to a polymeric surface compris- 
ing the steps of: 

(i) applying to the surface a compound with at least 
one functional group which can be converted into a 

55 carboxyl group; 

(ii) treating the surface with a plasma to immobilize 
the compound; and 

(iii) converting the functional group into a carboxyl 
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group; and 

(iv) reacting the molecule with surface immobilized 
compound. 

[0017] Accordingly, different types of molecules hav- 
ing a carboxyl reactive functional group, such as amine 
groups, like amino acids, peptides and proteins can be 
immobilized covalently on the surface. 
[0018] As already mentioned a large number of pro- 
teins can be immobilized on carboxylic acid groups con- 
taining polymer surfaces. Another example is the cou- 
pling of basic Fibroblast Growth Factor (bFGF) to car- 
boxylic acid groups containing polyethylene surfaces. 
[0019] Plastic surfaces which can be provided with 
carboxyl and optionally sulphate groups according to 
the invention comprise polyolefins such as polyethyl- 
ene, polypropylene, polyesters, polystyrene, poly- 
ethers, polyamides, polyurethanes, polysiloxanes, poly- 
acetates, polyacrylates. 

[0020] The compounds with a functional group and/or 
with an S0 3 " group to be used comprise all types of com- 
pounds which can be adsorbed on such surfaces from 
the liquid or gas phase. These compounds comprise 
alkyl chains with 2 to 30 carbon atoms, whereof the 
chain can be straight, branched, saturated, mono- or po- 
lyunsaturated and/or interrupted by one or more heter- 
ogeneous atoms such as nitrogen, oxygen, sulphur, and 
which chain can be substituted with one or more sub- 
stituents such as hydroxy I, oxo, acyloxy, alkoxy, amino, 
nitro, cyano, halogeno, sulphydryl, assuming that the 
adsorption properties and stability properties are not ad- 
versely affected during plasma treatment. 
[0021] Very suitable compounds are surfactants such 
as fatty acid salts of saturated or unsaturated fatty acids 
such as the alkali and earth alkali metal salts of un- 
decilene acid and lauryl acid, wherein it is noted that the 
use of an unsaturated fatty acid salt produces a higher 
immobilization efficiency. In addition the corresponding 
aldehydes and alcohols. 

[0022] Use is made for the plasma treatment of a 
standard plasma apparatus as described for instance in 
Terlingen J.G.A. et al, while use is made of a gas such 
as argon and/or hydrogen. 

[0023] The adsorption treatment with the compound 
containing the functional group and optionally S0 3 " 
group comprises immersing the plastic surface in a so- 
lution containing such a compound. After a time (for in- 
stance up to 5 hours) the plastic surface is removed and 
dried under vacuum at room temperature. The solution 
of the compound or compounds is chosen such that af- 
ter drying these compounds remain adsorbed on the 
plastic surface. 

[0024] After the plasma treatment the plastic surface 
is immersed in water, for instance for up to 5 hours, then 
rinsed twice with water and dried under vacuum at room 
temperature, in order to remove non-immobilized com- 
pounds from the surface. 

[0025] The presence on the surface of immobilized 



carboxyl groups can be ascertained using X-ray photo- 
electron-spectroscopy (XPS) after the carboxyl group 
has been converted into a carboxylate group or has 
been substituted with a substituent containing an ester- 
5 linked fluorine (treatment with 2,2,2-trifluoroethanol 
(TFE)). 

[0026] The invention will be further elucidated herein- 
below with reference to a number of embodiments. 

10 Example 1 

[0027] A polyethylene film (thickness 0.2 mm) was im- 
mersed in a watery 0.29 M solution of the sodium salt 
of undecilene acid. After 1 hour the plastic film was re- 

15 moved and dried under vacuum at room temperature. 
The plastic film was subsequently treated with plasma 
(45 W, 0.07 mbar, 0.5-60 sec). Argon was used as gas. 
[0028] After the plasma treatment the film was im- 
mersed in water for 1 hour at room temperature, subse- 

20 quently washed twice with water and dried under vacu- 
um at room temperature. 

[0029] To detect the carboxyl groups which are immo- 
bilized on the polyethylene film surface the polyethylene 
film was treated with gas phase TFE, whereafter the 
25 quantity of fluorine and oxygen was determined using 
XPS. With an argon plasma treatment of 5 seconds the 
quantity of fluorine amounted to 4.9 atom% and the 
quantity of oxygen to 5.9 atom%. 55% of the oxygen is 
therefore present as carboxyl groups, which corre- 
30 sponds to an immobilization efficiency of 29%. With an 
argon plasma treatment of a polyethylene film surface 
onto which no sodium salt of undecilene acid was ad- 
sorbed the quantity of fluorine amounted to 1 .2 atom% 
and the quantity of oxygen to 9.4 atom%. 9% of the ox- 
35 ygen is therefore present as carboxyl groups. 

Example 2 

[0030] The experiment of example 1 was repeated, 
40 except that instead of the sodium salt of undecilene acid 
use was made of polyacrylic acid. An additional quantity 
of carboxyl groups as compared to a polyethylene film 
onto which no polyacrylic acid was adsorbed could not 
be determined after plasma treatment. 

45 

Example 3 

[0031] For comparison with example 1, polyethylene 
films which were adsorbed with the sodium salt of un- 
50 decilene acid or the sodium salt of dodecane acid were 
treated with an argon plasma. 

[0032] After a treatment time of 20 sec. 9.8% of the 
total amount of oxygen was situated on the surface of 
the polyethylene film treated with the sodium salt of do- 
55 decane acid and had the form of carboxylate groups. 
This corresponds with an immobilization efficiency of 
2%. 

[0033] In the case the polyethylene films were treated 
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(5 sec.) with the sodium salt of undecilene acid, 55% of 
the total amount of oxygen was situated on the surface 
in the form of carboxylate groups, which corresponds 
with an immobilization efficiency of 29%. 

Example 4 

[0034] Sodium salt of undecilene acid and sodium do- 
decylsulphate were adsorbed on polyethylene films by 
immersing these films in a watery solution containing 
undecilene acid and sodium dodecylsulphate in a ratio 
of 1:1. After an adsorption time of 5 min. the films were 
removed and dried. The films were treated with an argon 
plasma (45W; 0.07 mbar) and washed with water where- 
after a reaction with gas phase TFE was performed. Af- 
ter a plasma treatment time of 2 sec. 7.8 atom% O, 0.3 
atom% S and 2.3 atom% F were measured on the sur- 
face of the films using XPS. The presence of sulphur on 
the polyethylene surface indicates immobilization of ad- 
sorbed sodium dodecylsulphate. If all sulphur is present 
in the form of sulphate groups, 29% of the oxygen is 
then present as sulphate groups and this results in an 
immobilization efficiency of 1 5% for sodium dodecylsul- 
phate. 

[0035] The presence of fluorine on the polyethylene 
surface indicates immobilization of adsorbed sodium 
salt of undecilene acid. 20% of the oxygen is thus 
present as carboxyl groups; an immobilization efficiency 
of the sodium salt of undecilene acid of 31%. 

Example 5 

[0036] As an example the covalent coupling of albu- 
min-heparin (alb-hep) conjugates to polystyrene surfac- 
es onto which carboxylic acid groups were introduced 
according to the invention will be given. 
[0037] 14 C labelled alb-hep conjugates were cova- 
lently bound to the carboxylic acid groups containing 
polystyrene surfaces using N-(3-dimethylaminopropyl)- 
N'-ethylcarbodiimide (EDC) in the presence of N-hy- 
droxysuccinimide (NHS) as a coupling reagent. After 
washing extensively with PBS and phosphate buffers 
(pH 3.5 and 1 0.5) the samples were placed in a 3% SDS 
solution for at least 1 8 hours. The surfaces were dipped 
dry and the surface concentration of alb-hep conjugates 
was determined by measuring the radioactivity of the 
samples. As a control modified PS surfaces were placed 
in an alb-hep conjugates solution without the addition of 
EDC and NHS. 

[0038] In the absence of EDC and NHS alb-hep con- 
jugates are physically adsorbed onto the modified PS 
surfaces (surface concentration alb-hep conjugates = 
0.29+0.01 u,g/cm 2 , n=3). The remaining part of the initial 
adsorbed amount of alb-hep conjugates is irreversible 
adsorbed onto the surface. 

[0039] Alb-hep conjugates that are immobilized in the 
presence of EDC and NHS on the modified polystyrene 
surfaces (0.30±0.03 ujg/cm 2 , n=3) cannot be desorbed 



by SDS (surface concentration alb-hep conjugates after 
SDS incubation = 0.31±0.02 |LLg/cm 2 , n=3). From these 
results it can be concluded that the alb-hep conjugates 
are covalently bonded to the carboxylic acid groups con- 
5 taining PS surface. 



Claims 

10 1. Method for providing a polymeric surface with car- 
boxyl groups, comprising the steps of: 

(i) applying to the surface a compound with at 
least one functional group which can be con- 

15 verted into a carboxyl group; 

(ii) treating the surface with a plasma to immo- 
bilize the compound; and 

(iii) converting the functional group into a car- 
boxyl group. 

20 

2. Method as claimed in claim 1 , wherein the function- 
al group which can be converted into a carboxyl 
group comprises a carboxylate group, an aldehyde 
group or an alcohol group. 

25 

3. Method as claimed in claims 1 -2, wherein the com- 
pound with a functional group which can be convert- 
ed into a carboxyl group is a surfactant. 

30 4. Method as claimed in claim 3, wherein the sur- 
factant is a fatty acid salt. 

5. Method as claimed in claims 1-4, wherein a com- 
pound containing at least one S0 3 _ group is immo- 

55 bilized on the surface. 

6. Method as claimed in claim 5, wherein the com- 
pound containing the S0 3 " group is a surfactant. 

40 7. Method as claimed in claim 5 or 6, wherein the com- 
pound with a functional group which can be convert- 
ed into a carboxyl group and the compound contain- 
ing an S0 3 " group are simultaneously or succes- 
sively immobilized on the surface. 

45 

8. Method as claimed in claims 1-7, wherein the sur- 
face is subjected after the plasma treatment to a 
washing treatment. 

50 9. Method as claimed in claims 1-8, wherein the sur- 
face is a plastic surface. 

10. Polymeric Surface provided with carboxyl groups 
and sulphate groups as according to the method of 

55 claims 5-7. 

1 1 . Product with a surface for exposing to blood, where- 
in the surface is a surface as claimed in claim 9. 
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12. Method for covalently binding a molecule compris- 
ing a carboxyl reactive functional group to a poly- 
meric surface comprising the steps of: 

(i) applying to the surface a compound with at s 
least one functional group which can be con- 
verted into a carboxyl group; 

(ii) treating the surface with a plasma to immo- 
bilize the compound; and 

(iii) converting the functional group into a car- to 
boxyl group; and 

(iv) reacting the molecule with surface immobi- 
lized compound. 

15 

Patentanspriiche 

1. Verfahren zum Versehen einer Polymeroberflache 
mit Carboxylgruppen, umfassend die Schritte: 

20 

(i) Auftragen einer Verbindung mit mindestens 
einerfunktionellen Gruppe, welche in eine Car- 
boxylgruppe umgewandelt werden kann, auf 
die Oberflache; 

(ii) Behandeln der Oberflache mit einem Plas- 25 
ma, um die Verbindung festzusetzen; 

(iii) - Uberfuhren der funktionellen Gruppe in ei- 
ne Carboxylgruppe. 

2. Verfahren gemafB Anspruch 1 , worin die funktionel- 30 
le Gruppe, die in eine Carboxylgruppe uberfuhrt 
werden kann, eine Carboxylatgruppe, eine Alde- 
hydgruppe oder einen alkoholischen Rest umfaBt. 

3. Verfahren gemafB Anspruchen 1-2, worin die Ver- 35 
bindung mit einer funktionellen Gruppe, welche in 
eine Carboxylgruppe umgewandelt werden kann, 

ein oberflachenaktiver Stoff ist. 

4. Verfahren gemafB Anspruch 3, worin der oberfla- 40 
chenaktive Stoff ein Fettsauresalz ist. 

5. Verfahren gemafB Anspruchen 1-4, worin eine Ver- 
bindung, welche mindestens eine S0 3 "-Gruppe 
enthalt, auf der Oberflache festgesetzt wird. 45 

6. Verfahren gemafB Anspruch 5, worin die 
Verbindung , welche die S0 3 "-Gruppe enthalt, ein 
oberflachenaktiver Stoff ist. 

50 

7. Verfahren gemafB Anspruch 5 oder 6, worin die Ver- 
bindung mit einer funktionellen Gruppe, die in eine 
Carboxylgruppe umgewandelt werden kann, und 
die Verbindung, welche eine S0 3 "-Gruppe enthalt, 
gleichzeitig oder nacheinander auf der Oberflache 55 
festgesetzt werden. 

8. Verfahren gemafB Anspruchen 1 -7, worin die Ober- 



flache nach der Plasma-Behandlung einer Wasch- 
Behandlung ausgesetzt wird. 

9. Verfahren gemafB Anspruchen 1-8, worin die Ober- 
flache eine Plastikoberflache ist. 

10. Polymeroberflache, versehen mit Carboxylgruppen 
und Sulfatgruppen gemafB dem Verfahren von An- 
spruchen 5-7. 

11. Produkt mit einer Oberflache zur Blutexposition, 
worin die Oberflache eine Oberflache gemaB An- 
spruch 9 ist. 

12. Verfahren zur kovalenten Bindung eines Molekuls, 
umfassend einen Carboxyl-reaktiven funktionellen 
Gruppe an eine Polymeroberflache, umfassend die 
Schritte: 

(i) Auftragen einer Verbindung mit mindestens 
einerfunktionellen Gruppe, welche in eine Car- 
boxylgruppe umgewandelt werden kann, auf 
die Oberflache; 

(ii) Behandeln der Oberflache mit einem Plas- 
ma, um die Verbindung festzusetzen; 

(iii) Uberfuhren des funktionellen Rests in eine 
Carboxylgruppe; und 

(iv) Umsetzen des Molekuls mit der auf der 
Oberflache festgesetzten Verbindung. 



Revendications 

1 . Procede pour conferer a une surface polymere des 
groupes carboxyliques, comprenant les etapes 
consistant a: 

(i) appliquer sur la surface un compose posse- 
dant au moins un groupe fonctionnel qui peut 
etre converti en un groupe carboxylique; 

(ii) traiter la surface avec un plasma pour im- 
mobiliser le compose; et 

(iii) convertir le groupe fonctionnel en un grou- 
pe carboxylique. 

2. Procede tel que revendique dans la revendication 
1, dans lequel le groupe fonctionnel qui peut etre 
converti en un groupe carboxylique comprend un 
groupe carboxylate, un groupe aldehyde, ou un 
groupe alcool. 

3. Procede tel que revendique dans les revendica- 
tions 1 et 2, dans lequel le compose possedant un 
groupe fonctionnel qui peut etre converti en un 
groupe carboxylique est un tensioactif. 

4. Procede tel que revendique dans la revendication 
3, dans lequel le tensioactif est un sel d'un acide 
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gras. 

5. Procede tel que revendique dans les revendica- 
tions 1 a 4, dans lequel un compose contenant au 
moins un groupe S0 3 " est immobilise sur la surface. s 

6. Procede tel que revendique dans la revendication 
5, dans lequel le compose contenant le groupe S0 3 " 
est un tensioactif. 

10 

7. Procede tel que revendique dans la revendication 
5 ou 6, dans lequel le compose ayant un groupe 
fonctionnel qui peut etre converti en un groupe car- 
boxylique et le compose contenant un groupe S0 3 " 
sont immobilises sur la surface simultanement ou is 
Tun apres I'autre. 

8. Procede tel que revendique dans les revendica- 
tions 1 a 7, dans lequel la surface est soumise, 
apres traitement au plasma, a un traitement de la- 20 
vage. 

9. Procede tel que revendique dans les revendica- 
tions 1 a 8, dans lequel la surface est une surface 

en plastique. 25 

10. Surface polymere dotee de groupes carboxyliques 
et de groupes sulfate conformement aux procedes 
des revendications 5 a 7. 

30 

11. Produit possedant une surface destinee a etre ex- 
posee a du sang, dans lequel la surface est une sur- 
face telle que revendiquee dans la revendication 9. 

1 2. Procede permettant de fixer par covalence, sur une 35 
surface polymere, une molecule comprenant un 
groupe fonctionnel reactif avec un carboxyle, com- 
prenant les etapes consistant a: 

(i) appliquer sur la surface un compose posse- 40 
dant au moins un groupe fonctionnel qui peut 
etre converti en un groupe carboxylique; 

(ii) traiter la surface avec un plasma pour im- 
mobiliser le compose; et 

(iii) convertir le groupe fonctionnel en un grou- 45 
pe carboxylique; et 

(iv) faire reagir la molecule avec le compose im- 
mobilise sur la surface. 

50 
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